In this study, the correlations of human immunodeficiency virus type 1 (HIV-1) RNA levels in blood plasma, vaginal secretions, and cervical mucus of 52 HIV-1-infected women were determined. The amount of cell-free HIV-1 RNA in blood plasma was correlated with that in vaginal secretions (Spearman's rank correlation coefficient , ). In both (r) ϭ 0.64 P ! .001 blood plasma and vaginal secretions, the amounts of cell-free and cell-associated HIV-1 RNA were highly correlated ( , and , , respectively). Cell-free HIV-1 r ϭ 0.76 P ! .01 r ϭ 0.85 P ! .01 RNA levels in blood plasma and vaginal secretions were negatively correlated with CD4 + T lymphocyte count ( , and , , respectively). Similar to the effect r ϭ Ϫ0.44 P ! .01 r ϭ Ϫ0.40 P ! .01 observed in blood plasma, initiation of antiretroviral therapy significantly reduced the amount of HIV-1 RNA in vaginal secretions. These findings suggest that factors that lower blood plasma virus load may also reduce the risk of perinatal and female-to-male heterosexual transmission by lowering vaginal virus load.
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Worldwide, most human immunodeficiency virus type 1 (HIV-1) infections in adults have been transmitted sexually through exposure to infected seminal fluid and cervicovaginal secretions [1] . Moreover, most HIV-1 infections in children have been transmitted perinatally, and recent studies suggest that many of these infections have occurred during labor and delivery, when the infant is exposed to infected blood and cervicovaginal secretions [2] . Although the modes of HIV-1 transmission and factors associated with transmission have been studied extensively and clearly defined during the past decade, information about HIV-1 virus load in cervicovaginal secretions has only recently become available.
The initial investigations and some later studies of HIV-1 in the female genital tract used DNA-based polymerase chain reaction (PCR) or virus culture techniques to detect HIV-1-infected cells collected on vaginal or endocervical swabs [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In these studies, HIV-1 was found in about one-third or fewer of the specimens. For example, using DNA PCR, Clemetson et al. [8] found HIV-1 in 13 (17%) of 77 vaginal swabs and 28 (33%) of 84 endocervical swabs. Kreiss et al. [9] detected virus in 51 (37%) of 137 endocervical swabs. Detection of HIV-1 proviral DNA in the genital tract was correlated with genital tract inflammation, oral contraceptive use, cervical ectopy, and pregnancy. The presence of HIV-1 proviral DNA and the ability to isolate virus from cellular samples shows that infected cells capable of producing virus are present in the genital tract. However, these studies did not determine whether the virus was present in genital tract secretions or whether HIV-1-infected cells were producing virus in vivo. More recent studies have reported the quantification of HIV-1 RNA as a measure of the amount of virus in cervical and vaginal secretions [13] [14] [15] [16] [17] . Cu Uvin et al. [14] detected HIV-1 RNA in 28 (39%) of 72 cervicovaginal lavage samples that consisted of both the cell-free and cell-associated fractions. Iversen et al. [16] studied 28 HIV-1-infected women and quantified cell-free virus in 29% of vaginal swab samples and 32% of initial cervical swabs. An immediate resampling of the cervix induced cervical bleeding, which was detected by visual inspection in 50% of the women and increased the proportion of samples with detectable HIV-1 RNA to 64%. Goulston et al. [17] also used cervical swabs to quantify cell-free virus in 24 (49%) of 49 HIV-1-infected women. In this study, the presence of blood in the genital tract was associated with increased HIV-1 RNA levels. In all three of these studies, a positive correlation was found between virus loads in blood plasma and female genital tract secretions [14, 16, 17] . In contrast, Rasheed et al. [13] found no correlation between virus loads in blood plasma and cell-free supernatant collected on cervicovaginal swabs. These studies show that HIV-1 RNA can be quantified in samples of cervicovaginal secretions, but the small number of participants in some of these studies reduces the power of analysis. Furthermore, the amount of blood in the cervicovaginal samples and the possibility that plasma virus may have significantly increased the virus load in the samples were not addressed in these studies.
In this study, we determined the correlation of virus loads in blood plasma and the female genital tract, using a quantitative-competitive reverse-transcriptase PCR (QC-PCR) assay. The QC-PCR assay was chosen because of its greater sensitivity in detecting and quantifying HIV-1 in genital tract samples from HIV-1-infected women than a commercially available assay. Using the QC-PCR assay, we were able to determine the proportion of virus load in the lower genital tract from cervical mucus and the cell-free and cell-associated fractions of vaginal secretions. We also examined the correlations of vaginal virus load with blood plasma virus load, CD4 ϩ T lymphocyte count, antiretroviral therapy, and the presence or absence of a cervix. In addition, we calculated the proportions of HIV-1 RNA in vaginal secretions and cervical mucus that were derived from blood contamination.
Materials and Methods
Eligibility criteria. HIV-1-infected women were eligible for enrollment in this study if they were 18-49 years of age, had a normal Pap smear within the previous 12 months, were expected to live at least 1 year, and either were not on antiretroviral therapy or had taken the same antiretroviral therapy for at least 3 months prior to enrollment. Women were excluded from the study if they (1) had an acute or chronic infection other than HIV-1 at their first study visit, (2) were currently using cytotoxic chemotherapy, systemic corticosteroids, cimetidine, or other immunosuppressive or immunostimulating medications, (3) were using medroxyprogesterone acetate or an intrauterine device, (4) had cervical intraepithelial neoplasia at their first visit, (5) had had cervical surgery during the previous 3 months, or (6) were pregnant. Participants were requested to refrain from vaginal intercourse and the use of intravaginal medications for 72 h before their examinations.
Specimen collection. At each clinical exam, vaginal secretions were tested for the presence of seminal fluid, using an acid-phosphatase assay [18] . Subsequently, a vaginal lavage sample was obtained by introducing 10 mL of PBS into the vagina and collecting the pooled fluid in the posterior vaginal fornix, taking care to avoid the cervix. A cervical mucus sample was then obtained by gently inserting a cytobrush into the cervical os and slowly rotating it through a 90Њ arc before removing it and placing it in 300 mL of PBS. Endocervical swabs were obtained to culture Neisseria gonorrhoeae and Chlamydia trachomatis and to prepare Gram'sstained smears to detect cervicitis. The vaginal lavage and cervical mucus samples were kept on ice until processed. In addition, ∼8 mL of venous blood was collected in a CPT vacutainer tube (Becton-Dickinson, Franklin Lakes, NJ) that contained acid citrate dextrose anticoagulant. Specimens were taken to the laboratory within 3 h for processing that day.
Blood plasma and peripheral blood mononuclear cells (PBMC) were isolated in CPT vacutainer tubes per the manufacturer's protocol, and PBMC were counted. PBMC were pelleted from the pooled plasma-PBMC mixture (200 g, 15 min), and the plasma was removed and stored as 1-mL aliquots that were frozen at Ϫ70ЊC. The PBMC pellet was washed and pelleted twice (200 g, 10 min) in PBS, and individual PBMC pellets ( cells/pellet) 6 2 ϫ 10 were snap-frozen on dry ice and stored at Ϫ125ЊC.
Lavage samples were visually examined for blood and with the use of a reagent strip for urinalysis (Multistix-7; Bayer, Elkhart, IN) that measures whole blood and hemoglobin. Cells from lavage samples were counted and then pelleted (200 g, 15 min); the supernatant was removed and stored as 1-mL aliquots at Ϫ70ЊC. Cells from lavage samples were washed and frozen, using the procedure for PBMC described above.
Cervical mucus samples were examined for blood, using the procedure for lavages described above. Any portion of a cervical mucus sample that adhered to the cytobrush was removed and added to the 300-mL PBS aliquot. The total volume of PBS plus cervical mucus was divided into two equal aliquots that were snap-frozen on dry ice and stored at Ϫ125ЊC.
RNA extraction. Total cellular RNA was extracted from PBMC and vaginal lavage frozen cell pellets, using RNAzol B (Biotecx Laboratories, Houston) per the manufacturer's protocol and adding 2 mg of polyadenosine RNA as a carrier during the precipitation step. Cell-free virion-associated HIV-1 RNA in blood plasma and vaginal lavage samples was isolated according to the procedure of Mulder et al. [19] , with the exception that viral pellets were obtained by centrifugation (10 5 g) for 60 min. The resulting pellets were solubilized in 500 mL of a guanidinium isothiocyanate solubilization buffer (4.6 M guanidinium isothiocyanate, 40 mM Tris [pH 7.5], 80 mM b-mercaptoethanol, and polyadenosine RNA [3 mg] ). An equal volume of isopropanol was added to the buffer solution, and the RNA was precipitated overnight at 4ЊC. The precipitated RNA was pelleted (16,000 g) for 30 min, rinsed with 75% ethanol, solubilized in H 2 O, and immediately assayed for HIV-1 RNA using QC-PCR. The remainder of the sample was stored at Ϫ70ЊC. Total RNA in the frozen cervical mucus sample was extracted with RNAzol B and 2 mg of polyadenosine RNA, as described above.
QC-PCR: HIV-1 internal standard and RNA synthesis. The plasmid DNA, pQP1d50 (d50D), consists of the original HIV-1 DNA internal standard for QC-PCR, pQP1d80 [20] , with a non-HIV-1, 31-bp insert [21] . The HIV-1 RNA internal standard (d50R) was transcribed in vitro from the T7 promoter of EcoRIlinearized d50D with the use of an RNA transcription kit (Promega, Madison, WI), per the manufacturer's protocol. d50R was purified with the use of RNAzol B, per the manufacturer's protocol, and RNA copy numbers were determined from optical density readings.
QC-PCR of HIV-1 RNA. Primers GAG04 and GAG06 (designed by Piatak et al. [20] ) have inosines incorporated at those positions known for sequence divergence [22, 23] ; GAG04 was biotinylated, and the resulting primer was designated GAG04-B. The GAG06/GAG04-B primer pair yields amplicons of 260 bp from wild-type HIV-1 and 211 bp from the d50R internal standard. Reverse transcriptase PCR (RT-PCR) was performed, using four concentrations (10 1 , 10 2 , 10 3 , and 10 4 copies) of d50R internal standard (5 mL) and sample RNA (5 mL) in four separate RT-PCR reactions. Reverse transcription was done with the use of random hexamers and the GeneAmp RNA PCR kit (Roche Molecular Systems, Branchburg, NJ) in 25 mL, per the manufacturer's protocol. After completing the reverse transcription, 12.5 pmol of each primer (GAG04-B/GAG06) and 1 U of Taq enzyme in 25 mL were added in buffered conditions, following the manufacturer's protocol (Roche Molecular Systems). Cycling conditions were as previously reported [21] . PCR products were analyzed by electrophoresis on a 3% agarose gel, using ethidium-bromide staining, and by the microtiter plate assay described below.
Estimation of cell viability.
RT-PCR amplification of porphobilinogen deaminase (PBGD) RNA in cell-associated RNA extracts was used to semiquantitatively determine viable cell number. Nonerythryoid PBGD is a single-copy gene that is constitutively expressed in all mammalian tissues and cell types [24] and is used to estimate cell viability and the integrity of RNA extracts used for RT-PCR [25] . When the standard RT-PCR reaction described above was used and PCR was done for 30 cycles, the PBGD primers, PBGD5-B (biotin-TGTCTGGTAACGGCAATGCGGCTG-CAAA-5 ) and PBGD3 (GGCATGTTCAAGCTCCTTGG-3 ), spanned an RNA splice junction and amplified a 250-bp product. A PBGD RNA external standard curve was generated from five RT-PCR reactions that contained 10 HIV-1 biotinylated PCR products were quantified in a microtiter format, as previously described [21] . Briefly, 5 mL of the QC-PCR reactions was added to duplicate wells of a streptavidin-coated, white microtiter plate (Boehringer Mannheim, Indianapolis) containing 200 mL of hybridization buffer ( , 20 mM HEPES, 1 ϫ SSC 0.1% Tween 20, and 2 mM EGTA), and the plate was incubated for 30 min at 37ЊC. The microtiter wells were rinsed six times with 300 mL of wash buffer (PBS, 0.1% Tween 20, and 2 mM EGTA) before the streptavidin-bound biotinylated PCR products were denatured, using 250 mL of a 0.4 N NaOH, 0.6 M NaCl solution for 15 min at room temperature, and then rinsed as before. A digoxigenin (DIG) oligonucleotide probe (DIG-GGACATCAAGCA-GCCATGCAAATGT; 40 ng/well) for detection of wild-type HIV-1 amplicons was added to one set of wells in 200 mL of hybridization buffer, and a d50-specific DIG-oligonucleotide probe (DIG-TGTTGGGCGCCATCTCCTTGC; 40 ng/well) was added to the duplicate wells for 1 h at 37ЊC and rinsed as before. For quantitative luminometry, 5 ng of an anti-DIG antibody conjugated to the bioluminescent aequorin protein (Sealite Sciences, Bogart, GA) was added to each well in 200 mL of assay buffer (0.01 M PBS [pH 7.2], 0.5% gelatin, 0.15% Tween 20, and 2 mM EGTA), incubated at 37ЊC for 30 min, and rinsed as before. The well-bound aequorin/ DIG-antibody was read with the use of a luminometer (ML3000; Dynex, Chantilly, VA). The relative luminescent units (RLU) generated from wild-type-and d50-probed samples were used to calculate HIV-1 copy number, as previously described [21] .
The QC-PCR technique in combination with the microtiter detection assay quantifies input HIV-1 RNA from 10 to 10,000 copies [21] . This equates to 100-100,000 HIV-1 RNA copies in 50-mL RNA extracts from cell-free and cell-associated vaginal lavage samples, cervical mucus, and PBMC samples and 800-800,000 HIV-1 RNA copies in 800-mL RNA extracts from blood plasma. Samples were determined to be HIV-1 RNA-positive, but unquantifiable, when their RLU value was less than that for the lowest copy number of internal standard (10 copies of 1d50 RNA) but at least 2.5-fold greater than the RLU value of an HIV-1-negative control.
Quantification of the PBGD PCR product (250 bp) was done in the microtiter format using a DIG-labeled probe (DIG-CAA-TGTTGCCACCACACTGTCCG), as described above. PBGD cell equivalents in a sample were calculated from the linear regression line of the external standard curve of PBMC RNA.
Calculation of blood plasma virus in genital tract samples. Hemoglobin (hgb) concentrations were used to calculate blood volumes in vaginal lavage and cervical mucus samples. The four hgb levels defined on the Multistyx-7 reagent strips were 0.015, 0.045, 0.135, and 0.405 mg hgb/100 mL. Samples with a signal of 0.405 mg hgb/100 mL were diluted and retested, so that the signal was within the range of the assay.
The amount of plasma virus in a vaginal lavage sample was determined with the use of the following series of equations. Total amount of hgb in a vaginal lavage sample (mg hgb lavage ) was determined, using the equation: mg hgb lavage ϭ (hgb signal lavage ϫ 0.01) ϫ (volume lavage ), where hgb signal lavage is the hgb level (mg hgb/100 mL) estimated from the Multistyx-7 reagent strip, and volume lavage is the total volume of the lavage sample in milliliters. Since we could calculate the total amount of hgb in a vaginal lavage sample (mg hgb lavage ) and knew the hgb concentration in peripheral blood (mg hgb blood /100 mL blood ), we could calculate the blood volume in vaginal lavage samples (vol Lblood To examine the effects of antiretroviral therapy on virus load in vaginal secretions, we studied a subset of women who were beginning or changing drug regimens that included one or more new antiretroviral medications. These women must have had a detectable virus load in both blood plasma and vaginal lavage samples prior to changing or beginning therapy. After 2-10 weeks of therapy, blood plasma and vaginal lavage samples were obtained from the women, and the virus loads of the samples were determined. Another subset of study participants, who had measurable virus loads in blood plasma and vaginal lavage samples but had not begun or changed antiretroviral therapy, were selected as a control group.
Amplicor. This commercially available monitor test (Roche Molecular Systems) was used according to the manufacturer's protocol. The lower limit of quantification was 400 HIV-1 RNA copies/ mL of sample.
Results

Study Participants
This analysis includes data from the initial examination of the first 52 women enrolled in the Emory Vaginal Ecology Study of HIV Infection. None of the women had N. gonorrhoeae or C. trachomatis infections or cervicitis. Ten (19%) of the women had had a hysterectomy and thus did not have a cervix, and 2 (4%) tested positive for seminal fluid (patient nos. 002 and 034; table 1).
Evaluation of Virus Load Assays
Little information is available about the accuracy of different nucleic acid amplification techniques in quantifying HIV-1 RNA in the female genital tract. Consequently, we compared results of the QC-PCR assay to those obtained with the commercially available test (Roche Molecular Systems), using 31 blood plasma and 30 vaginal lavage samples from HIV-infected women. When the results from the commercial assay and the QC-PCR for each blood plasma sample were compared, 29 (90%) had a !4-fold difference, whereas 2 (10%) had 15-and 18-fold differences ( figure 1A) . Overall, blood plasma virus loads measured by the commercial assay and QC-PCR were highly correlated (Spearman's rank correlation coefficient ϭ0.87, ). P ! .01 A comparison of virus loads from vaginal lavage samples from 30 HIV-1-infected women showed that 14 (47%) were positive by the commercial test and 22 (73%) were positive by QC-PCR (figure 1B). Vaginal virus loads were expressed as number of HIV-1 RNA copies/total lavage volume. The number of HIV-1 RNA copies/total lavage volume ranged from 1200 to 26,000 (median, 4500) by the commercial test, and !1000 but detectable to 120,000 (median, 3000) by QC-PCR. Virus load in lavage samples measured by the commercial and QC-PCR assays were correlated (Spearman's rank correlation , ), but the correlation was less than coefficient ϭ 0.55 P ϭ .002 that for blood plasma. Moreover, of the 24 samples with detectable HIV-1 RNA by either assay, 14 (58%) were detected by the commercial test, compared with 22 (92%) by the QC-PCR assay ( ). P ϭ .03 These results indicate that the commercial and QC-PCR assays have similar capabilities in quantifying virus loads in blood plasma. However, the QC-PCR assay detected HIV-1 in significantly more vaginal lavage samples than did the commercial test. Consequently, in this study, we used the QC-PCR assay to determine the virus loads in blood plasma and genital tract secretions.
Cell-Free HIV-1 RNA in Blood Plasma and Vaginal Secretions
Forty-six (88%) of 52 blood plasma specimens were positive for HIV-1 RNA (table 1) . Plasma virus loads ranged from !800 to 270,000 copies of HIV-1 RNA/mL (median, 21,000 copies/ mL). Cell-free vaginal HIV-1 RNA was detected in 32 (62%) of 52 lavage samples with a range of !1000 to 122,000 copies/ lavage and a median of 2600 copies/lavage (table 1). Twentyeight (54%) women had a virus load in vaginal lavage samples that was undetectable or detectable but !1000 HIV-1 RNA copies. Twenty (71%) of these 28 women had blood plasma virus loads !10,000 copies/mL, 7 (25%) had between 10,000 and 50,000 copies/mL, and 1(4%) had 77,000 copies/mL. Thus, most women with low vaginal virus loads had low blood plasma virus loads.
HIV-1 RNA virus loads in matched blood plasma and vaginal lavage samples of the 52 women had a correlation of 0.64 (Spearman's rank correlation coefficient, ; figure 2A ). P ! .001 Despite this correlation, 8 (29%) of 28 women with blood plasma virus loads 110,000 copies/mL had undetectable or detectable but unquantifiable (!1000 copies/lavage) levels of HIV-1 in their vaginal lavage samples. Virus spiking experiments indicated that inhibitors of the QC-PCR assay were not present in the vaginal secretions of women with low or undetectable vaginal virus loads (data not shown).
HIV-1 was detected in vaginal lavage samples from 27 (64%) of 42 women with a cervix and 5 (50%) of 10 women without a cervix ( ). Detectable virus loads ranged from !1000 to P ϭ .4 120,000 copies per lavage sample (median, 2600) for women with a cervix and from !1000 to 14,000 copies per lavage sample (median, 2000) for those without a cervix.
Total HIV-1 RNA in Cervical Mucus
HIV-1 RNA was detected in cervical mucus from 28 (67%) of 42 women. Cervical virus load was expressed as total HIV-1 RNA copies per cervical mucus sample. HIV-1 RNA copies per cervical mucus sample ranged from !200 to 12,000 (median, 400) (table 1). The HIV-1 virus loads in cervical mucus and vaginal lavage samples of the 42 women had a correlation of 0.59 (Spearman's rank correlation coefficient, ; figure P ! .01 2B), whereas the cervical mucus and blood plasma virus loads had a correlation of 0.53 (Spearman's correlation coefficient, ; figure 2C ). P ! .01
Blood Contamination of Genital Tract Secretions
To estimate the proportion of virus load in female genital tract secretions derived from HIV-1 virus in blood, we measured the amount of blood in vaginal lavage and cervical mucus samples with the use of a quantitative test for hgb. Thirty-seven (71%) of 52 vaginal lavage samples and all of the 31 cervical mucus samples that were tested had detectable hgb. Eighteen (49%) of 37 vaginal lavage samples and 18 (58%) of 31 cervical mucus samples that had blood contamination had measurable plasma virus. HIV-1 RNA from blood was 0.002%-4.6% (median, 0.13%) of the vaginal virus load and 0.1%-100% (median, 7.0%) of the cervical mucus virus load (figure 3). Among the cervical mucus samples, blood plasma virus was !5% of the cervical mucus virus load in 9 samples, 5%-25% in 5 samples, and 125% in 4 samples. These calculations suggest that blood plasma HIV-1 is present in vaginal secretions and cervical mucus but usually at low concentrations.
Cell-Associated HIV-1 RNA in Blood Plasma and Vaginal Secretions
Cell-associated HIV-1 RNA was detected in vaginal lavage samples from 20 (59%) of 35 women tested, with a range of !100-134,000 copies per sample (table 1). In comparison, PBMC-associated HIV-1 RNA was detected in all 32 of these women, with a range of !100-130,000 copies per 2 million cell equivalents (table 1) . PBMC-and lavage sample cell-associated virus loads were highly correlated with cell-free virus loads in blood plasma and lavage samples, respectively ( figure 2D, 2E) .
Number of Cells in Vaginal Lavage Samples
The number of cells in vaginal lavage samples varied greatly, ranging from to cells per sample. The vast 4 8 8.0 ϫ 10 4.1 ϫ 10 majority of cells in lavage samples were superficial squamous epithelial cells that were determined to be nonviable by trypan blue staining. To better estimate the total number of viable cells in a vaginal lavage sample, PBGD RNA cell equivalents were determined by a semiquantitative RT-PCR assay. Only 6 (17%) of the 35 lavage cellular samples had a detectable signal by RT-PCR (defined as 12000 cell equivalents of PBGD RNA per 10 6 squamous epithelial cells). In contrast, RNA extracts from PBMC samples had comparatively high levels of cell viability as measured by PBGD RNA ( to cell equiv- 5 6 7.5 ϫ 10 2.9 ϫ 10 alents per trypan blue-viable cells). The correlation 6 2 ϫ 10 between the amount of cell-associated HIV-1 RNA and the number of viable cells (PBGD RNA cell equivalents) in lavage samples was not statistically significant ( , ). r ϭ 0.25 P ϭ .17 However, the cell-associated vaginal virus load was weakly correlated with the total number of cells per lavage sample (r ϭ , ). 0.38 P ϭ .03
Total Virus Load in the Lower Female Genital Tract
Because the amount of HIV-1 RNA in vaginal secretions and in cervical mucus was determined in this study, the contribution of each to the total virus load in the lower genital tract could be calculated. Twenty-four women had virus load measurements for cell-free and cell-associated vaginal lavage and cervical mucus samples. Total vaginal virus load, including cellfree and cell-associated HIV-1 RNA, accounted for the major proportion (150%) of lower genital tract virus in 16 (67%) of the women. When cell-free and cell-associated vaginal virus load were analyzed separately, cell-free virus accounted for the major proportion of lower genital tract virus in 12 (50%) of the women, while cell-associated virus was not a major proportion in any of the women. Cervical mucus virus was the major proportion of lower genital tract virus in 7 (30%) of the women. However, the total vaginal virus load was undetectable in 4 of the 7 women.
Effect of CD4 + T Lymphocyte Count on Virus Load
The proportion of vaginal lavage samples that had detectable HIV-1 RNA increased significantly with decreasing CD4 ϩ T lymphocyte levels (  , table 2 ). However, the proportions P ϭ .02 of blood plasma and cervical mucus samples that had detectable HIV-1 RNA were not significantly associated with CD4 ϩ T lymphocyte level (table 2) .
Virus loads in cell-free blood plasma and vaginal lavage samples were negatively correlated with CD4 ϩ T lymphocyte counts ( , and , , respectively; figures r ϭ Ϫ0.44 P ! .01 r ϭ Ϫ0.40 P ! .01 4A, 4B). However, cervical mucus virus loads were not correlated with CD4 ϩ T lymphocyte counts.
Effect of Antiretroviral Therapy on Virus Loads
Cross-sectional analysis. Thirty-one of the 52 women were receiving stable antiretroviral therapy for at least 3 months when blood and genital tract samples were obtained (table 1) . The median virus load in blood plasma was 2.6-fold lower for women receiving therapy compared with those receiving no therapy (
). In addition, the proportion of women with P ϭ .09 detectable blood plasma virus was lower for women on therapy (100% vs. 81%;
). However, for vaginal lavage and cer-P ϭ .04 vical mucus samples, the median virus loads and the proportion of samples with detectable virus were not significantly different between the women receiving therapy and those receiving no therapy.
Initiation of new therapy. Eleven women who were beginning or changing antiretroviral therapy had a total of 14 new treatment regimens. Eight women began new regimens that included lamivudine plus either zidovudine (3 women), indinavir (4 women), or indinavir with another nucleoside (1 woman). Three women had a nucleoside analogue or protease inhibitor added to an ongoing therapy for a total of 6 different treatment regimens. Seven women who were not receiving antiretroviral therapy served as a control group. Before the initiation of new or different antiretroviral therapies, the mean virus loads in blood plasma and vaginal lavage samples and the mean CD4 ϩ T lymphocyte cell counts were not significantly different between the treatment and control groups.
Of the 7 women not receiving therapy, 4 had a !0.5 log 10 change in blood plasma virus load at the follow-up visit (compared with data from the baseline visit) (figure 5A). The other 3 women in the control group had either an increase (1 women) or decrease (2 women) in blood plasma virus load at the followup visit. Virus loads in the vaginal lavage samples of these women were more variable between the baseline and followup visits (figure 5B). Three women had an increase and 3 had a decrease of virus load in vaginal lavage samples 10.5 log 10 . Only 1 woman in the control group had a decline in both blood For women who began or changed antiretroviral therapy, there was a 0.5-1.6 log 10 decrease in their blood plasma virus loads at the follow-up visit in 10 of 14 new treatment regimens ( figure 5C ). In the four new treatment regimens that did not result in a decrease in blood plasma virus load, 3 were a single antiretroviral treatment and 1 was didanosine and nevirapine. The 14 new treatment regimens resulted in a 0.5-2.1 log 10 decrease in all of the virus loads in vaginal lavage samples at the follow-up visit ( figure 5D ). The decrease in vaginal virus load at follow-up was significantly different from the change in vaginal virus load at follow-up in the control group ( ). In P ϭ .006 addition, virus load in the vaginal lavage sample taken at the follow-up visit became undetectable (!1000 HIV-1 RNA copies/ total lavage) in 10 of the new treatment regimens ( vs. P ϭ .07 control group). Moreover, in 12 treatment regimens, the matched blood plasma and vaginal lavage virus loads both decreased 10.5 log 10 , whereas in the control group, only 1 of 7 matched blood plasma and vaginal lavage virus loads decreased 10.5 log 10 ( ). P ϭ .003
Discussion
In this study, we determined that HIV-1 RNA levels in blood plasma, vaginal secretions, and cervical mucus were correlated in women who did not have a genital tract infection. In these women, cell-free HIV-1 RNA levels in blood plasma and vaginal secretions were negatively correlated with CD4 ϩ T lymphocyte count. Furthermore, the initiation of antiretroviral therapy significantly reduced the amount of HIV-1 RNA in vaginal secretions. The percentages of women in our study with detectable HIV-1 RNA in cell-free vaginal lavage and cervical mucus samples were 62% and 67%, respectively. Previous studies have reported detecting HIV-1 RNA in 29%-58% of vaginal swab or cervicovaginal lavage samples [13, 14] and 32%-64% of cervical samples obtained by using swabs or cytobrushes [16, 17] . In each of these studies, except for that by Rasheed et al. [13] , a positive correlation was found between the HIV-1 RNA levels in matched blood plasma and genital tract samples. The higher detection rates in our study may have been the result of several factors. Our RNA extraction procedure, which pellets cell-free virus by ultracentrifugation, may have increased the detection of low levels of virus in vaginal lavage samples by concentrating the virus or reducing the amount of potential inhibitors of the QC-PCR assay. Additionally, in the direct comparison study, the blood plasma virus loads were highly correlated between the QC-PCR and commercial assays and were within the range of variations reported for comparisons of commercially available assays [26, 27] , but the QC-PCR assay detected HIV-1 RNA in significantly more vaginal lavage samples than did the commercial test.
In recent studies of men [28] [29] [30] , the correlation between virus loads in blood plasma and semen and the effect of antiretroviral therapy on HIV-1 levels in semen were similar to those found in our investigation and in other studies of women [14, 16, 17] . Thus, most data currently available suggest that HIV-1 virus loads in blood plasma and genital tract secretions are correlated in both men and women who do not have genital tract infections. However, in women who have genital tract infections, HIV-1 blood plasma virus loads have not been correlated with the detection of HIV-1 in cervicovaginal lavage samples, when CD4 ϩ lymphocyte levels are controlled for [31] . Studies that quantify genital tract HIV-1 in women during and after these infections are needed to understand how infection affects the correlation between virus loads in blood plasma and female genital secretions.
The correlations we observed between virus loads in blood plasma and female genital secretions were not the result of blood contamination. Although blood was detected in almost 75% of the vaginal lavage samples, !5% of vaginal virus loads was from blood-derived virus. Moreover, in 87% of the cervical mucus samples, virus from contaminating blood accounted for !25% of the virus load in the samples. In previous studies that have also found a correlation between blood plasma and female genital tract virus loads, the proportion of genital tract virus load derived from blood contamination was not determined [14, 16, 17] . The study by Cu Uvin et al. [14] did not report on the presence of blood in cervicovaginal lavage samples collected for virus load analysis. However, in the other two studies, the observation of blood in vaginal or cervical swab samples was associated with a significant increase in the levels of genital tract HIV-1 RNA [16, 17] . Furthermore, Ghys et al. [31] suggest that lavage sampling may be a better method for detecting HIV-1 in genital tract secretions than swabbing, since swabbing may provoke bleeding that could introduce blood plasma virus into genital secretions.
To improve the comparability of results between future studies of HIV-1 in the female genital tract, standard sampling techniques should be used. We recommend that vaginal lavage and cervical mucus samples be collected separately and that virus loads be reported as total number of HIV-1 RNA copies per sample. Also, since blood contamination may contribute a significant proportion of the virus load in certain samples, especially from the cervix, the amount of blood in each sample should be measured with the use of a quantitative technique.
Vaginal secretions should also be tested for seminal fluid. Because of a lack of consensus about which component of female genital tract secretions is correlated with infectivity, both cellfree and cell-associated fractions should be obtained.
The high correlation between cell-free and cell-associated vaginal virus loads suggests that vaginal HIV-1 may be produced in situ. Previous studies have shown that cervical mucus and vaginal secretions of infected women contain HIV-1 proviral DNA, and cell-associated virus from the vagina and cervix can be propagated in cell culture [3-5, 7, 8] . In our study, the number of viable cells in 180% of vaginal lavage samples was below the level of detection. However, a small number of HIV-1-infected cells in vaginal secretions could be the source of cellfree virus. Additional information about viral replication in situ, such as data about multiply spliced HIV-1 RNA, are needed to determine if HIV-1-infected cells in vaginal secretions are a significant source of cell-free virus in the vagina.
The correlation of cervical and cell-free vaginal virus loads might be the result of cervical mucus draining into the vagina. This hypothesis is supported by the fact that in most of the women we studied, 150% of the combined lower genital tract virus load was found in the vaginal lavage sample. Also, 19 (90%) of 21 women with a vaginal virus load had detectable cervical HIV-1 RNA. However, 5 (50%) of 10 women without a cervix had detectable HIV-1 in their vaginal lavage samples, suggesting that HIV-1 shedding might also occur through the vaginal mucosa. Further investigations, including studies that compare blood plasma, vaginal, and cervical HIV-1 quasispecies, are needed to determine the origin of the virus in female genital tract secretions.
Our findings that blood plasma and vaginal virus loads are correlated and that a significant reduction in vaginal virus load occurs after antiretroviral therapy is initiated support the hypothesis that antiretroviral therapy, which lowers blood plasma virus load, reduces the risk of perinatal and heterosexual transmission by lowering vaginal virus load. For example, zidovudine reduces perinatal transmission from 23% to 8% when administered antepartum, intrapartum, and postpartum, and several studies suggest that most cases of perinatal transmission occur during delivery [32] [33] [34] . Thus, zidovudine may reduce perinatal transmission in part by lowering vaginal virus load. Moreover, antiretroviral therapy may similarly reduce femaleto-male heterosexual transmission. Additional investigations are needed to determine if antiretroviral therapy reduces virus load to low or undetectable levels in vaginal secretions over long periods. If antiretroviral therapy has this effect, strategies to prevent heterosexual transmission will need to focus more on early identification and treatment of HIV-1-infected adults.
